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Gas Nitriding Behaviour of 34CrAlNi7 Nitriding Steel
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In this study, gas nitriding behavior of 34CrAlNi7�10 steel was investigated. Single stage processes were
carried out at 500 ◦C, 520 ◦C and 540 ◦C for 10, 20, 30 h, respectively. Nitrogen activity on surface was controlled
by the nitriding potential KN which is known as thermodynamical control parameter for controlled gas nitriding
process. The presence of nitrides formed on surface of test material was determined by X-ray di�raction analysis
technique. The morphology of nitrided layer was studied by optical microscope. The microhardness of surface
of nitrided sample in HV1 was observed between 975 and 1132. Choosing the right nitriding potentials for each
temperature, which give the same nitrogen concentration and activity on surface by using the Lehrer diagram,
showed that all the samples had almost the same surface roughness of Ra = 0.28�0.32 µm after gas nitriding
cycles. The measurements showed that the white layer thickness varies between 4.38 µm and 28.80 µm and the
growth of the layer was strongly a�ected by process time and temperature. Di�usion depths as Nht (HV) for each
experiment were determined and compared.
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1. Introduction

Gas nitriding is a thermochemical heat treatment pro-
cess, whose high hardness, enhanced corrosion proper-
ties, and considerably improved wear resistance and fa-
tigue strength are obtained on the material surface by
di�usion of atomic nitrogen through the surface. Con-
trolling the process by the thermodynamical parame-
ter �KN� gives ability to produce hardened layers that
have variable metallurgical properties. It is possible to
produce parts with improved surface properties and pro-
longed working life as a result of nitriding with right pro-
cess parameters and proper material selection by taking
into account the properties of operating environment, op-
erating conditions and the mechanical requirements for
the surface [1]. Time and temperature represent the
main factors which determine the hardness pro�le on ni-
trided steels with certain composition [2]. 34CrAlNi7 is
Cr�Al�Ni alloyed industrial nitriding steel widely used
in manufacturing of machine elements where the high
surface hardness and improved wear resistance is re-
quired. Binary and ternary alloys have been the subject
of many investigations, which showed that aluminium
and chromium increase nitrogen content and hardness,
due to the chromium nitrides fcc semi-coherent precipita-
tion. Nevertheless, mechanisms due to aluminium are not
clear [3]. After such a treatment, generally a thin com-
pound layer known as �white layer� consists of ε and γ′

iron nitrides together on the surface where aluminium en-
riched γ′-phase of (Fe,Al)4N lies below the ε-phase and
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penetrates into the depth of the metal along grain bound-
aries [4].
The main objective of the present study is to inves-

tigate the gas nitriding behavior of 34CrAlNi7 steel by
changing the process parameters and observe the e�ect
of parameters on some properties of nitrided zone.

2. Experimental study

In this study; for the 34CrAlNi7 nitriding steel, one
stage gas nitriding processes are performed via KN-
-controlled gas nitriding method at 500, 520 and 540 ◦C
by 10, 20, 30 h, respectively. E�ect of parameters on
mechanical properties of nitrided zone and its charac-
teristic was investigated. According to the Lehrer dia-
gram, KN-nitriding potentials was selected between 4.2

Fig. 1. Representation of gas nitriding parameters on
the Lehrer diagram.
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and 5.4 atm−1/2 values which provide the same nitro-
gen concentration on surface at selected temperatures
(Fig. 1) [5]. Nitriding depths were determined by mea-
suring microhardnesses on di�usion zone. Surface hard-
nesses were measured by using HV hardness method. Mi-
crostructure pictures of the nitrided zones were taken by
using light-metal microscope and the thickness of the
white layer and di�usion zones were measured by us-
ing Clemex software. The XRD analysis of the surfaces
were made and the phases in the white layer were deter-
mined. The surface roughness of Ra was measured by
pro�lometer on �ve di�erent areas having dimensions of
0.8 mm × 5.

3. Results and discussions

As it can be seen from Fig. 2, optical micrographs of
the nitrided zones reveal that white layer grows by in-
creasing temperature and time but the growth and struc-
ture of the layer di�ers from the other industrial steels
that contain no aluminium. Aluminium promotes inter-
crystalline di�usion of nitrogen and alloys the γ′-phase
in form of (Fe,Al)4N. In addition to that, γ′ phase grows
preferentially in the �whiskers� form through the grain
boundaries and slip planes [4, 6].

Fig. 2. Optical microscope images of the 34CrAlNi7
samples gas nitrided at di�erent temperatures for 10,
20 and 30 h (500×).

Figure 3 shows that the XRD patterns for samples were
gas nitrided at 500 ◦C and 540 ◦C for di�erent times. Re-
sults reveal that by choosing the nitriding potential in
ε-phase region according to the Lehrer diagram, the com-
pound layer consists of ε−γ′ phases together and occurs
in bilayer structure. Potentials were chosen, induce the
white layer growth in bilayer form and provide the phases
to be predominantly in ε-nitrides. Increase in the in-
tensity of the peaks by raising process time and much
increase in ε-phase peaks against γ′-phase, con�rm the
approach.

Fig. 3. XRD patterns of samples 10 and 30 h gas ni-
trided at 500 ◦C and 540 ◦C.

Average results of the measurements for compound lay-
ers were shown in Fig. 4. By taking into account the
Lehrer diagram, the values for the nitriding potentials
keep the same nitrogen activity on the surface for each
process temperature and stabilize the wt% N content of
the ε phase. Results reveal that white layer thickness of
34CrAlNi7 steel increases by increasing temperature and
time for the same nitrogen activity on the surface.

Fig. 4. White layer thicknesses in single stage gas ni-
trided 34CrAlNi7 steel.

Fig. 5. E�ect of time and temperature on e�ec-
tive hardness depth Nht (Core Hardness+50HV0.2) of
34CrAlNi7 steel.

Figure 5 shows that the di�usion depth increases by
increasing time and temperature. The results are consis-
tent with the literature and di�usion equations. Increas-
ing time provides more atomic nitrogen di�usion towards
the core while increasing temperature raises the di�usion
coe�cient of nitrogen and provides the same e�ect.
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Fig. 6. E�ect of time and temperature on surface hard-
ness of 34CrAlNi7 steel.

Figure 6 shows the average values of HV1 surface hard-
nesses. The hardness values decrease by increasing pro-
cess temperature and time. The decrease in surface hard-
ness seems more associated with the white layer thick-
ness. Because of the fact that the increase in the white
layer thickness makes the compound layer more brittle,
the HV1 hardness decrease in addition to brittleness in-
crease. The cracks in the thicker white layers are seen in
Fig. 2 and similar hardness results for similar white layer
thicknesses regardless the process temperature and time,
verify the approach.

Fig. 7. E�ect of time, temperature and nitriding po-
tential on surface roughness of 34CrAlNi7 steel.

Surface roughness results reveal that by selecting the
right nitriding potential for each process temperature, it
is possible to reach very similar surface roughness values
on surface (Fig. 7). Because of the fact that the nitriding
potentials stabilize the wt% N content for ε-phase and the
surface roughness is related with the wt% N content of
white layer [1, 7], the experimental results are consistent
with the literature. Slight increase in the roughness is
related with increase in the white layer thickness because
of the temperature and time.
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